Because of technical principles, samples to be observed with electron microscopy need to be fixed in a chemical process and exposed to vacuum conditions that can produce some changes in the morphology of the specimen. The aim of this work was to obtain high-resolution images of the fresh articular cartilage surface with an environmental scanning electron microscope (ESEM), which is an instrument that permits examination of biological specimens without fixation methods in a 10 Torr chamber pressure, thus minimizing the risk of creating artifacts in the structure. Samples from weight-bearing areas of femoral condyles of New Zealand white rabbits were collected and photographed using an ESEM. Images were analyzed using a categorization based in the Jurvelin classification system modified by Hong and Henderson. Appearance of the observed elevations and depressions as described in the classification were observed, but no fractures or splits of cartilage surface, thought to be artifacts, were detected. The ESEM is a useful tool to obtain images of fresh articular cartilage surface appearance without either employing fixation methods or exposing the specimen to extreme vacuum conditions, reducing the risk of introducing artifacts within the specimen. For all these reasons it could become a useful tool for quality control of the preservation process of osteochondral allografting in a bank of musculoskeletal tissues.
INTRODUCTION S
INCE ITS INTRODUCTION in the market in 1965, the scanning electron microscope (SEM) has been frequently used in the study of the morphological characteristics of the articular cartilage surface. [1] [2] [3] [4] [5] However, despite the amount of information obtained with this instrument the cartilage surface anatomy still remains controversial, perhaps because of technical variations of the equipment, specimens, or procedures between authors. 6, 7 To observe a biological sample with a conventional electron microscope it must be fixed to preserve the structure of tissues with minimum alteration from the living state with regard to volume, morphology, and spatial relationships, and simultaneously protect the specimens against subsequent treatments like vacuum and exposure to the electron beam. Nevertheless, these methods may produce changes in the morphology of the specimen. 8 The environmental SEM (ESEM) is an innovation in scanning microscopes. It was specifically designed to study samples that cannot be exposed to fixation techniques or extreme conditions like the microscope's chamber vacuum. 9 The aim of this work was to study the appearance of fresh articular cartilage surface using the ESEM in order to obtain high-resolution images of specimens without fixation methods at a 10 Torr chamber pressure, thus minimizing the risk of creating artifacts in the structure.
MATERIALS AND METHODS

Animal model
After authorization was received from the Ethical Committee for Animal Research of the University of Barcelona, Barcelona, Spain, five New Zealand female white rabbits (mean body weight 3.5 kg, age 10-12 months) were euthanized. Knee joints were harvested by transection at the proximal femur and the distal tibia. Soft tissue and muscle were removed from each knee, and it was opened at the joint capsule, taking care not to damage the cartilage surface. A cartilage disk (5 mm) was collected with a trephine from the load-bearing areas of the medial femoral condyle. The time elapsing between the euthanization and the collection of the cartilage always was less than 2 h.
ESEM examination
Each cartilage disk was then positioned on a stub and observed with an ESEM (ElectroScan XL30 ESEM-FEG; FEI Co., Hillsboro, OR), at 276.65 K, and an accelerating voltage of 10 kV, making photographs following a sinusoidal path at 10 Torr of chamber pressure.
In a pilot study the articular surfaces of two freshly obtained rabbit knees underwent systematic ESEM examination and photography with primary magnifications of 2503, 5003, and 1,0003. After investigation and evaluation of the pictures it was decided that the primary magnification for the present method of analysis was 2503. Under these conditions 100 photographs were taken.
Surface classification
The observed cartilage surface was classified using a classifications system inspired on the methods described by Juverlin et al. 10 and Hong and Henderson. 11 The need to introduce modifications in these classification systems was justified by the use of different animal models and different electron microscopes. It was desired to preserve the main structure of the classification described by the above-mentioned authors to avoid ambiguity between the studies.
Four categories were used: Only one observer performed the classification in order to reduce possible mistakes and differences.
RESULTS
Images obtained with the ESEM confirmed most of the general surface pattern classically described using a conventional SEM. One hundred photographs were obtained at 2503, observing an area in each photograph equivalent to 0.1172 mm 2 .
Generally, the joint surface studied appeared uniformly smooth from center to edge (Fig. 1 ). However, it was possible to detect, in some specific locations, a pattern of hollows and prominences as described by Juverlin et al. 10 and Hong and Henderson 11 (Fig. 2) .
Even/smooth cartilage surfaces could always be observed in the center portions (loading areas) of each disk. Slightly uneven surfaces were generally peripheral to the even/smooth surfaces. These were transitional areas between the even/smooth and slightly uneven areas.
Hillocky surfaces were generally located at nonspecific locations. These areas were usually rough or knobby, but never smooth. A very low incidence of fractures was detected within the superficial layer.
No fibrous surface as described by Juverlin et al. 10 and Hong and Henderson 11 was detected in our experiments.
DISCUSSION
The investigation of articular cartilage surface by conventional scanning electron mi-croscopy has been criticized on physical and biological grounds. Preparations for scanning electron microscopy must be dry since they are viewed under high vacuum. Then, the dry material is coated with a thin electrically conductive metal such as gold/palladium alloy to prevent surface charging during scanning. Each of these preparative steps can presumably introduce artifacts. 8 Undesirable effects of these procedures during the study of the morphology of the cartilage have been reported since very early in the beginning of the SEM. 12 As an alternative to the chemical fixation, some vapor-producing samples can be prepared using cryofixation. 7, 13 However, even the most thorough methods of rapid freezing or cryogen jet freezing can chill without observable ice crystal damage on some surface layers, 8 which may be a source of artifacts in examining a hydrated tissue as cartilage. 14, 15 The ESEM permits the study of biological samples in their natural hydrated state without conventional preparation techniques, providing high-resolution imaging at 10 Torr chamber pressure, eliminating the requirement for high vacuum in the SEM chamber. 9 Because of the high proportion of water presented in the cartilage, it was decided that the ESEM is an appropriate tool for the study of this tissue. Cartilage surface irregularities were demonstrated and classified using a four-category system, based on the grading systems published by Juverlin et al. 10 and Hong and Henderson. 11 Juverlin et al. 10 developed a classification system of articular cartilage for contour (even, slightly uneven, hillocky, folded, fibrous, and unclassified), quality of surface (smooth, slightly rough, rough, knobby, striated/leafy, and unclassified), and surface splits (intact, superficial, deep, and unclassified) to study the relative area changes following experimental treatment. The knobby surfaces described by Juverlin et al. 10 are thought to be produced by underlying chondrocyte lacunae. Chondrocyte lacunae are also thought to produce the tertiary hollows of Longmore's classification system. The cause of these different presentations, elevations versus hollows, is controversial. Wigren and Wik 16 reported oval depressions of 20-30 mm in diameter in rabbit articular cartilage, with the number of depressions decreasing after immobilization. By contrast, Jozsa et al. 17 reported that immobilizing rat knee joints produced an increase in the number of depressions. They attributed this finding to the necrotic effect on chondrocytes, with the collapsing superficial layer producing empty pits on the cartilage surface. In 1996 Hong and Henderson 11 considered it necessary to make some modifications in this system, not using the "fibrous surface" category because they did not observe that feature in their experiments. Similarly, it was not necessary to label any surface either as "unclassified" or as "striated."
In this study, we did not observed any split in the articular surface of osteochondral disks. For that reason we agree with Hong and Henderson, 11 considering that that feature is likely a histological artifact.
The ESEM is a useful tool to obtain high-resolution images of fresh articular cartilage surface appearance without either employing fixation methods or exposing the specimen to extreme vacuum conditions, reducing the risk of introducing artifacts within the specimen. For all these reasons it could become a useful tool for quality control of the preservation process of osteochondral allografts in a musculoskeletal tissues bank and for determining changes in the surface of hyaline cartilage in clinical and experimental joint disease.
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